Objective: To evaluate the relationship between type 2 diabetes mellitus (DM) and oncological outcomes in early stage cervical cancer patients who underwent radical surgical resection. Methods: Patients with early stage cervical cancer diagnosed between 2001 and 2014 were retrospectively enrolled. We assessed the outcomes of 402 non-DM and 42 DM patients with cervical cancer. We tested the prognostic value of DM via Cox proportional hazard modeling. Results: Patients with DM were more likely to be older and overweight. In the DM group, 20 and 22 patients were and were not taking metformin, respectively. The 5-year recurrencefree survival (RFS) and 5-year overall survival (OS) rate for the whole study population were 88.49% and 96.34%, respectively. In the DM group, there was no evidence that metformin affected the RFS (p=0.553) or the OS (p=0.429). In multivariate analysis, age (p=0.007), histology (p=0.006), and deep stromal invasion (p=0.007) were independent adverse prognostic factors for RFS. There was a borderline significant association of increased RFS with DM (p=0.051). However, a time-varying-effect Cox model revealed that the DM was associated with a worse RFS (hazard ratio, 11.15; 95% CI, 2.00 to 62.08, p=0.022) after 5 years. DM (p=0.008), age (p=0.009), and node status (p=0.001) were the only 3 independent prognostic factors for OS. Conclusion: Early stage cervical cancer patients with type 2 DM have a poorer oncological outcome than patients without DM.
INTRODUCTION
Diabetes mellitus (DM) primarily manifests as type 2 DM and is one of the most common metabolic diseases. It is characterized by an array of dysfunctions led by hyperglycemia resulting from the combination of resistance to insulin action, inadequate secretion of insulin, and inappropriate secretion of glucagon [1] . The World Health Organization (WHO) reported that the global prevalence of DM in 2000 was 171 million and predicted this would reach approximately 366 million by 2030 [2] . DM often causes or is associated with many other medical conditions or diseases such as neuropathy, cardiovascular and renal disease, and various cancers.
Although an association between DM and increased cancer risk has been recognized by clinicians for nearly 100 years [1, 3] , it is only in the last decade that significant epidemiological evidence has been amassed to firmly connect certain cancers-especially breast, colorectal, endometrial, hepatic, pancreatic, and kidney with type 2 DM [1, 4, 5] . The mechanisms of cancer development related with DM remain unclear [1, 3] . A number of studies has been undertaken in recent years on the impact of type 2 DM and clinical outcomes of various cancers types including gynecologic cancers. These studies have demonstrated that type 2 DM has a negative impact on the outcome of these cancers [6] [7] [8] [9] [10] [11] [12] .
Cervical cancer is a problem of increasing magnitude and is the leading cause of cancer death for women in developing countries including Thailand. The WHO estimates that yearly about 530,000 women worldwide are identified with cervical cancer and 275,000 women die from the disease [13] .
Previous studies have shown that women with high serum glucose level or type 2 DM have an increased risk of cervical cancer [4, [14] [15] [16] . In 2005, a large scale, population-based cohort study from Korea by Jee et al. [15] demonstrated that the risk for cervical cancer was approximately 2.2-fold higher in women with diabetes. They also found that cervical cancer patients with DM faced a worse outcome [15] . Since that study, there has been little published data on the relationship between high plasma glucose or type 2 DM and the clinical outcomes of cervical cancer [17] [18] [19] . Lee et al. [17] investigated the association between pretreatment random plasma glucose levels and cancer prognosis in 134 non-DM patients with locally advanced cervical cancer, and found that high glucose levels (≥102 mg/dL) were associated with a greater risk of recurrence and mortality in these patients. Similarly, Ahn et al. [18] studied the association between metabolic syndrome or metabolic components and the risk of recurrence of 127 patients with stage I-II cervical cancer who underwent radical surgery. They found that impaired fasting glucose (≥100 mg/dL) and hypertriglyceridemia were associated with higher risk of recurrence [18] .
To the best of our knowledge, only one study has yet addressed the prognostic impact of type 2 DM on early stage cervical cancer [19] . Recently, a nationwide population-based study from Taiwan by Kuo et al. [19] demonstrated that early stage cervical cancer patients with type 2 DM had less favorable overall survival (OS) and cancer-specific survival after curative treatments. However, this study was based on the Taiwan Cancer Registry and National Health Insurance databases and included patients who were heterogeneous in terms of treatment modalities. Some clinicopathologic factors such as a lymphovascular space invasion (LVSI) and deep stromal invasion (DSI) that may affect the treatment outcome were not included. A nationwide population-based study could introduce surgical technique bias caused by gynecologic oncologists from different centers.
Thus this study aimed to evaluate the relationship between type 2 DM and recurrence-free survival (RFS) and OS in a large cohort of early stage cervical cancer patients who underwent radical surgery at Songklanagarind Hospital-the largest tertiary care institute in Southern Thailand. Tumor size was determined by the attending gynecologic oncologist during a pelvic examination preceding surgery and was grouped into >2 or ≤2 cm. Tumors were classified according to cell type: squamous cell carcinoma, adenocarcinoma, adenosquamous cell carcinoma, and other cell types (such as small cell carcinoma and undifferentiated carcinoma). The depth of tumor invasion was measured in millimeters from the base of the surface epithelium to the deepest malignant cell and fractioned into thirds. The presence of LVSI was also recorded. The PI was defined as either a positive parametrial lymph node or malignant cells in the parametrial tissue by either a contiguous or discontiguous spread.
MATERIALS AND METHODS
Surgical complications such as bowel injury, urinary tract injury and vascular injury were reviewed. We also reviewed postoperative morbidity such as febrile morbidity, wound infection and urinary tract infection. Febrile morbidity was defined as a temperature of 38°C or greater on two successive occasions 6 hours apart excluding the first 24 hours postoperatively as taken by oral measurement with a standard technique [20] .
Adjuvant therapy after surgery was administered according to surgical risk factors. The time from radical surgery to initiation of adjuvant treatment was recorded. Follow-up after treatment was every 3 months in the first year, every 4 months in the second year, every 6 months in the third to fifth years, and annually thereafter.
The primary exposure of interest for the study was the presence of type 2, adult-onset DM at the time of cancer diagnosis. Patients diagnosed with DM at the time of preoperative work up were included as DM. Patients who developed DM after their diagnosis of cervical cancer were included in the control group. Patients who had a history of type 1 DM (n=0) and type 2 DM receiving insulin treatment due to uncontrolled blood glucose levels during the follow-up period (n=0) were excluded. Finally, patients were classified as non-DM (n=402) or DM (n=42). The BMI was calculated individually and was the body weight divided by the square of height (kg/m Prior to the study, it was expected that the records of about 440 eligible patients would be available of whom approximately 10% had been diagnosed with DM. With a 5-year OS of Impact of diabetes mellitus for cervical cancer all patients of around 95%, this sample size had a power of 80% to detect a lower 5-year OS among DM patients of 85% as significant at a 2-sided α of 0.05. For a 5-year RFS of all patients of around 88%, a lower 5-year RFS among DM patients of 75% could be detected with a similar power and α.
The primary outcome measures were RFS and OS. RFS was calculated from the date of operation to the date of recurrence, and OS from the date of operation to the date of death or last follow-up. Patients who were lost to follow-up or did not experience an event during follow-up were censored at the latest date at which their status was known.
Data characteristics were summarized as frequency with a percentage. Univariate analysis was performed using the Kaplan-Meier method. Multivariate analysis was performed using Cox proportional hazards regression. Probability values of <0.05 were considered statistically significant. To satisfy the assumption of proportional hazards, the DM versus Non DM was fitted as a time-varying-effect variable in the RFS model. Data were analyzed using STATA ver. 10 (Stata Corp., College Station, TX, USA).
RESULTS
The study included 444 patients, with a median age of 46 years. Of the study patients, 42 patients (9.46%) were categorized as DM and, 402 patients (90.54%) were categorized as non-DM. In the DM group, we found 20 patients taking metformin and 22 patients not taking metformin. The baseline characteristics of both DM and non-DM patients are given in Table 1 . These characteristics show that there were no significant differences in FIGO stage, tumor size, histology, DSI, PI, node status, surgical margin or adjuvant treatment between the two groups. Not surprisingly, patients with DM were more likely to be older (p=0.039) and overweight (p=0.002). The patients with DM had lower LVSI (11.90% vs. 28.36%, p=0.022) compared with those without DM. Of the study patients, 96 (21.62%) received adjuvant treatment after radical hysterectomy. The overall median time to adjuvant treatment from radical surgery in our study was 30 days (25% quartile, 25 days; 75% quartile, 37 days). The median time to adjuvant treatment did not differ between patients with and without DM. It was 28 days (25% quartile, 26 days; 75% quartile, 37 days) and 30 days (25% quartile, 25 days; 75% quartile, 37 days; respectively; p=0.735). Table 2 compares surgical complications and postoperative morbidity between patients with DM and patients without DM. There were no significant differences in febrile morbidity between the two groups (p=0.555). The patients with DM had a higher rate of wound infection than those without DM (9.76% vs. 5.41%). However, there were no statistically significant differences between the two groups (p=0.208).
The median duration of follow-up was 4.02 years (25% quartile, 1.83 years; 75% quartile, 7.69 years). Forty-four of the 444 patients (6 patients with DM and 38 patients without DM) developed disease recurrence during their follow-up periods. The 5-year RFS and 5-year OS rate for the entire study population were 88.49% (95% CI, 84.42 to 91.55) and 96.34% (95% CI, 93.20 to 98.05), respectively. Univariate analysis found that age (p=0.06), histology (p=0.005), DSI (p=0.002), PI (p=0.013), and lymph node status (p=0.034) were prognostic factors for RFS, while age (p=0.02), DM (p=0.008), histology (p=0.02), PI (p=0.047), and node status (p=0.001) were associated with OS ( (Fig. 1A) , age (HR, 2.82; 95% CI, 1.47 to 5.40; p=0.007), histology (HR, 6.61; 95% CI, 2.44 to 17.94; p=0.006), and DSI (HR, 2.53; 95% CI, 1.32 to 4.87; p=0.007) were independent adverse prognostic factors for RFS ( Table 4) . The statistically significant independent prognosis factors for OS were DM (HR, 6.53; 95% CI, 1.95 to 21.78; p=0.008) (Fig. 1B) (Fig. 1A) . However, DM may have negative impacts on the long term RFS. This was confirmed in the time-varying-effect Cox model in which DM was associated with a worse RFS after first 5 years (HR, 11.15; 95% CI, 2.00 to 62.08; p=0.022) ( Table 4 ). 
Impact of diabetes mellitus for cervical cancer DISCUSSION
A prior population-based cohort study from Korea reported that having cervical cancer with DM was associated with an HR of 2.50 for the risk of all-causes mortality compared to those without DM [15] . However, a review of the literature indicates that the impact of type 2 DM on clinicopathological factors and the prognosis of patients with early stage cervical cancer has not been sufficiently studied to draw anything more than tentative associations. In the current study, we found that of the 444 patients, the prevalence of type 2 DM within our surgical early stage cervical cancer population was 9.5%. We also found that there was no significant difference between patients with and without type 2 DM in FIGO stage, tumor size, histology, 
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DSI, PI, node status, surgical margin or adjuvant treatment. However, our study did find that patients with type 2 DM were more likely to be older and overweight, which is comparable to previous studies [7, 9, 19] . These findings may be explained by the fact that the majority of patients with type 2 DM are obese. One unexpected finding was that patients with type 2 DM had a lower LVSI. The reason for this is unknown.
Concerning oncologic outcome, this study found that type 2 DM is a meaningful prognostic factor. It shows a borderline independent association with RFS (HR, 2.68; 95% CI, 1.10 to 6.54; p=0.051). However, a time-varying-effect Cox model revealed that type 2 DM was associated with a worse RFS after first 5 years (HR, 11.15; 95% CI, 2.00 to 62.08; p=0.022). Furthermore, we found that early stage cervical cancer patients with type 2 DM had a decreased OS after controlling for comorbid conditions such as obesity and other clinicopathological factors. These results concur with an earlier study [15, 19] . Similarly, Shah et al. [8] evaluated the impact of DM on progression-free survival (PFS) and OS in 367 women with epithelial ovarian cancer. They found that patients with DM had poorer survival (PFS and OS) than patients without DM; this association is independent of obesity [8] . In addition, a study by Ko et al. [10] assessed 1,411 endometrial cancer patients and found that DM was associated with worse RFS and OS in type I (endometriod) endometrial cancer. Neither DM nor BMI was associated with outcomes in type II (serous and clear cell) or high grade endometrial cancer [10] . 
The mechanisms underlying the influence of DM on cancer incidence and progression are still largely unknown [1, 3, 9] . However, there are several possible explanations for the association of DM and cancer. First, patients with type 2 DM have reduced insulin sensitivity with compensatory hyperinsulinemia with an increased level of circulating insulin-like growth factor-1 (IGF-1). IGF-1 is well known to stimulate cell proliferation in many organs including the cervix, and it plays an important role in cancer development and metastasis [1, 3, 4, 21] . Second, hyperglycemia in patients with type 2 DM may play a significant role in tumor progression-this promotes DNA damage and activates different signaling pathways significantly associated with tumorigenesis and metastasis [9, 22] . Hyperglycemia may be responsible for the excess glucose supply to cancer cells, resistance to apoptosis, and tumor cell resistance to therapy [1] .
Third, patients with type 2 DM had a significantly higher BMI than the patients without type 2 DM. This reflects a larger amount of visceral adipose tissue. Adipose tissue produces many cytokines-mostly interleukin 6. This plays a causative role in regulating mitogenic activity. Adipose tissue produces free fatty acids, monocyte chemoattractant protein, tumor necrotic factor α and plasminogen activator inhibitor 1. Each of these factors might play an etiologic role in regulating malignant transformation or cancer progression [1] . Two studies have found that high BMI (obesity) was associated with increased cervical cancer risk [23, 24] . In addition, a large population-based study found that a high BMI was associated with increased death rates for cervical cancer [25] . However, in our study we found no association between high BMI and oncological outcomes of cervical cancer as was shown in a previous study [18] . This discrepancy could be explained by the fact that all patients in our study and the Ahn et al. [18] study had early stage disease in which prognosis is generally good after radical surgery. In contrast, the Calle at al. [25] study included all stages of cervical cancer with accompanying poorer prognosis. Moreover, the number of patients in our study and the Ahn et al. [18] study may not have been sufficient to detect small effects of high BMI on survival outcomes in early stage cervical cancer. These above explanations and discoveries support our finding that type 2 DM is associated with poor cervical cancer prognosis.
Metformin is a commonly used oral hypoglycemic drug for type 2 DM that reduces both insulin and glucose levels. Epidemiological studies and preclinical studies suggest that metformin may reduce cancer risk in type 2 DM patients [1, 3] . Recent studies have suggested that metformin use was associated with longer PFS and OS in cancer patients [26] [27] [28] . In cervical cancer, preclinical studies have shown that metformin can inhibit cervical cancer cell growth by induced AMP-activated protein kinase [1, 29] . To the best of our knowledge, no previous studies have investigated any possible association of metformin with survival outcome in cervical cancer. With only 42 DM patients, our study could not detect an effect of metformin on oncological outcomes. However, the preliminary evidence suggests that further studies with larger sample sizes are needed.
Of the various clinicopathological variables of early stage cervical cancer that have been reported as prognostic factors, i.e., tumor size, histopathology, LVSI, DSI PI and lymph node metastasis [30, 31] , we only found age, histology and DSI to be significant adverse indicators for DFS. We also found that age and node status were independent adverse prognostic factors for OS.
The major strengths of this study include the relatively large number of early stage cervical cancer patients in one center and the relatively long follow-up. All patients were treated uniformly at a single institution with uniform surgical techniques. However, this study was limited by its retrospective nature, and there may have been unmeasured confounding variables such as comorbidities associated with type 2 DM including hypertensive disorder or hyperlipidemia-these clearly could increase the risk of death in some patients. Another potential confounder was that blood glucose and insulin levels were not considered in the analysis, which could have influenced our results. Finally, we did not have data on diseasespecific mortality.
In conclusion, our study suggests that type 2 DM may be an important prognostic factor for early stage cervical cancer. Type 2 DM should be considered when evaluating early stage cervical cancer patients. Further high-quality studies with more focus on glucose levels and certain treatments of type 2 DM such as metformin with a larger number of patients are needed.
